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The Health Effects Institute
Trusted SciencewpCleaner Airdp Better Health

An independent non-profit institute providing trusted science on
the health effects of air pollution for 35 years

Balanced Core Support
« US EPA and Industry (Worldwide Motor Vehicle)

Additional Support and Partnerships

e Also WHO, ADB, Clean Air Asia, TERI, Sri Ramachandra Medical School, EU,
US DOE, industries, foundations, others

Independent Board and Expert Science Committees
e QOversee and intensively peer review all science
e [nternational experts from India, China, many others

Over 350 scientific studies, reviews, and reanalysis conducted
around the world, including increasingly in Asia

Understanding local impacts in a global context to
inform policy




Growing number of Indian air pollution
and health studies...

e Respiratory health symptoms dominate....
e Broadening to include cardiovascular, eye disorders,
cellular changes, cancer, premature deaths....
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Also a Growing
Number of Ambient
Air Pollution Adult
Mortality Studies

Find Links between
Long term PM and
Premature Mortality

(including studies from
Asia, Europe, North
America)

PM; s PM3.s PMz.s IHD HR CEV HR COPD HR LC HR
Study Mean Min 5™ /95™ /10 pg/m? /10 pg/m® /10 pg/m* /10 pg/m*
(g/m?) (rg/m) (pg/m’) (95% cI) (95% c1) (95% cI) (95% CI)
American 14.2 5.8 8.8/20.0 1.26 1.12 1.05 1.14
Cancer Society” (1.16-1.38) (1.01-1.24) (0.95-1.17) (1.06-1.23)
(ACS) N=486133 n=29875 n=9116 n=9006 9,557
Six Cityb 17.8 8.7 10.2/23.6 1.33 0.89 1.17 1.37
(scs) (1.16-1.52) (0.67-1.18) (0.85-1.62) (1.07-1.75)
MN=8096 n=1065 n=317 n=247 n=351
California 15.6 3.1 8.3/23.0 1.20 1.16 1.21 0.95
Teachers® (1.02-1.41) (0.92-1.45) (0.88-1.68) (0.70-1.28)
(cTs) MN=73,498 n=773 MN=382 N=196 n=234
Adventist
Study of Health 29.0 12.9 15.0/45.1 1.00
and Smog (0.87-1.15)
(ASHSmog) N=3,239 n=145
Dutch Study of 238.3 23.0 24 8/31.8 0.96 1.62 1.06
Diet and (0.75-1.22) (1.07-2.44) (0.82-1.38)
Cancer” MN=120,85 n=3,521 n=1,175 n=1,670
(DsSDc) 2
Male 17.9 5.8 12.3/23.4 0.98
Health (0.71-1.36)
Professionals’ N=17,545 n=746
(MHP)
MNurses Health® 13.9 5.8 10.0/17.8 2.02
(NHS) (1.07-3.78)
MN=66,250 n=379
Women's 13.5 3.4 7.4/19.6 2.21 1.83
Health (1.17-4.16) (1.11-3.00)
Initiative" MN=65,893 n=80 n=122
(WHI)
Canadian
Census Health 8.7 2.1 3.6/13.8 1.30 1.04
& Environment N= (1.18-1.43)
Cohort' 2,145,400 n=43400 (0.93-1.16)
(CanCHEC) n=13300
Canadian
National 11.9 3.8 6.7/16.8 1.29
Enhance_d Cancer (0.95-1.76)
Surveillance
S"Stt:g::::]'}"" n=2154
12.9 1.05 1.00 1.43 1.11
English Cohort" N= 8.5 10.6/15.2 | (0.81-1.29) (0.81-1.29) (1.00-1.79) (0.88-1.43)
(ENDOC) 835,607 sET
n=8168 n=5458 n=4105 n=5244
Japanese Mean Mot 1.24
Cohort™ Reported 16.8 16.8/41.9 0.89 (1.12-1.37)
JAPAN) N= (0.70-1.12) n=518
63520 n=64
Agricultural 2.68 1.78 0.75
Health Study” 5.7 7.3/12.6 (1.04-6.87) (0.34-1.65)

(0.72-4.42)




“The latest estimates and analyses from the Global Burden of
Disease Study 2015 (GBD 2015) provide a vital link...”

The Global Burden of Disease (GBD)

A systematic scientific effort to quantify the magnitude of
health loss from disease and injuries in 195 countries around the
world from 1990 to 2015

e E.g. cardiovascular disease, respiratory disease, HIV-AIDS, cancer,
road traffic injuries, others

Risks factors associated with those diseases
e E.g. smoking, diet, high blood pressure, air pollution, overweight
e GBD 2015, published in The Lancet October 2016

Organized by the Institute for Health
Metrics and Evaluation (IHME), U Washington

HEI leadership for outdoor air ] THE LANCET
pollution

- Dr. Srinath Reddy, PHFI, Lancet October 2016




A global study with a global network of investigators:
1,656 Investigators, 119 countries




Changes in Life-Expectancy at Birth 1970-2015
Good news: Longer lives worldwide

But, more people dying from diseases of aging
Life Expectancy at Birth by GBED Region, 1970 and 2015
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First Step: Estimating 2015 Global Average PM,

Enhanced ground monitoring and other data leading to higher quality estimates
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GBD 2015: Growing Number of
Measurements in East and South Asia

GBD2013 GBD2015

Country PM2.5 PM10 PM2.5 PM10
China 96 312 1035

India 14 186 14 (+8) 357
Bangladesh 4 3 11 1
Pakistan 1 0 6 0
Nepal 0 1 0 1
Bhutan 0 1 0 5
Afghanistan 0 0 2 0




Second Step: Estimating Mortality Risk
for the Global Burden of Ambient PM,

e Five Major Diseases related to PM2.5
¢ |schemic heart disease (IHD)
e Stroke
e Chronic obstructive lung disease(COPD)
e Lung cancer
e Lower respiratory infection (Age 0 - 5)

* Four of Five are Diseases of Aging...




The Growing
Number of Ambient
Air Pollution Adult
Mortality Studies -
from Asia, Europe,
North America -
provide key links
between PM and
Premature
Mortality
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GBD 2015 Integrated Exposure Response Functions
Linking PM Exposure to Health
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Percent of total deaths in 2015 attributable to ambient PM,
India and China: Greater than 9% of all deaths
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Dietary risks -

Third Step: o
Comparing Air _
Pollution to All —— —

Other RiSkS High fasting plasma glucose 5

High total cholesterol <

GBD 201 5 High body-mass index -
Premature Deaths: Alcohol & drug use -
- . I . Air pollution combined -
Alr POIIutlon among Low glomerular filtration amb,’ent p’us househo’d )
top-ranked global risk WasH contributed to 10% of global
faCtorS Low physical activity mortality in 2015 - the 4I'd
sncate co | ranked global risk factor
Outdoor PM '\lall‘L.tl'itior‘—I
Contributed tO 402 Occupational risks -
mi”ion premature Other environmental -
deaths Low bone mineral density
Sexual abuse & violence I
GBD 2015 The Lancet 7 October 2016 ; - - - - ~ -
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India GBD 2015:
Premature
Deaths
attributable to
combined risk
factors

GBD 2015 The Lancet 7 October 2016

Dietary risks -

s it polston -

High blood pressure -

High fasting plasma glucose -

J

Tobacco -

High total cholesterol -

WaSH -

Low glomerular filcration 4

High body-mass index -

Alcohol & drug use -

Malnutrition -

Low physical activity -

Occupational risks -

Unsafe sex

Other environmental -

Sexual abuse & violence -

Low bone mineral density
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Indoor and outdoor
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2"d highest risk factor
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India: Deaths attributable to all Risk Factors 2015

Ambient PM Ranks 3" overall, contributing to 1.1 million premature deaths each year

High blood pressure -

High fasting plasma glucose -
Ambient particulate matter 5
Household air pollution S
Smoking -

High total cholesterol -

Low whole grains

Low glomerular filtration -
Unsafe water

Low fruit

High sodium <

High body-mass index -

Low nuts and seeds -
Alcohol use -

Low vegetables -

Low omega-3 -

Unsafe sanitation =
Handwashing -

Childhood undernutrition -
Low physical activity 5

h
h

Both Ambient PM (3"9) and
Household Air Pollution (4t")
are significant contributors to
health burden

) =

1
500k 1M
47 of 47 Deaths

GBD 2015 The Lancet 7 October 2016



A Fourth Step:
Understanding Health Burdens from
Different Sources to Achieve Cleaner Air




Many Sources of PM in India




GBD MAPS: Understanding Source Specific Impacts

e Source-specificimpacts best inform, drive climate and air
pollution control measures

e GBD MAPS: Global Burden of Disease from Major Air
Pollution Sources

e New HEI-IHME initiative to understand source-specific

impacts (e.g. transport, biomass, coal) <3
e China, India, Eastern Europe, in a global context | bl
e Using GBD methods, data
e At national, provincial levels

e |n partnership with leading Chinese, Indian partners
(Tsinghua, IIT-B, others)

Underway now; China results published August 2016;

India in Spring 2017 > "', 4
HINg
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GBD MAPS International Steering Committee

Dan Greenbaum [/ Bob O’Keefe
Terry Keating

Hao Jiming

Yang Gonghuan

Christopher Murray

Majid Ezzati

K Srinath Reddy

Michal Krzyzanowski

Greg Carmichael

Health Effects Institute

US EPA

Tsinghua University

Peking Union Medical College

IHME

Imperial College, London

Public Health Foundation of India, Delhi
Kings College, London

WMO/U lowa




GBD MAPS: All the Major Sources

e Transportation (on-road, non-road)
e Household Biomass
e Brick Kilns

e Coal:
e Power, Industry, Domestic

e Non-coal Industrial
o Agriculture
e Open Burning

Trusted Science e Cleaner Air e Better Health
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GBD-MAPS general methodology

e Estimate major source contribution to ambient
PMZ.S
e Calculate emissions from all major sources

f

source

PM

source

2.5 * f . urce X @ambient PM, . = ambient PM, .
attributable to each source

e Use integrated exposure response
functions and cause-specific mortality
estimates in combination with PM, ¢ . urce

= source contribution to disease burden

Disease

Burden




GBD MAPS:

Estimate of India source primary emission contributions to ambient
PM, . using latest available information on current emissions (2013)

Industry
Thermal power (coal)

Thermal power (oil-gas)
Heavy industry
Light industry

PM2.5

Transport

On-road diesel

On-road gasoline & CNG
Railways

SO2 (8500)

Residential

Solid fuel (cooking+wh+sh)
LPG/Kerosene (cooking+wh+sh)
Kerosene lamps (lighting)

(9700)

NOx

Agriculture
Open field burning
Ag. diesel use

NMVOC

Informal industry
Brick production
Food & agro processing
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Power,
Industry

Transport,
Brick Kilns

Spatial Extent of Source Emission Estimates

PM2.5 Thermalpower coal (kT/grid/yr) PM2.5 Heavy industry (kT/qrid/yr) PM2.5 Light industry (tons/grid/yr)
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2015 Annual Average PM, .

Emission factors will then be applied to
estimate Indian source-specific population exposure




GBD 2015 Integrated Exposure Response Functions
Linking PM Exposure to Health
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Looking Forward:

GBD MAPS will project Business as Usual and Modest and
Advance Control scenarios for all sources through 2050
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The Special Case of Traffic Sources




- Traffic Related Air Pollution & Health:
) An Expert HEI Review
2010

Summarized & synthesized over 700 studies on Ehe New Jork Times

health effects of traffic T
° HOW€V€F, not all Of equal C]UG”ty Report Links Vehicle Exhaust to Health Problems

Found :
e Highest exposures 300-500 meters from

major roads
e Growing evidence of effects, especially asthma
exacerbation in children

New:

e HEI Traffic Exposure, Tunnel Studies
underway Exhaust from cars and trucks exacerhan children and mav catuse new cases as vwedl as other

e Updated traffic expert review to get ey e nd et g s, ot o e

underway in 2017 (10 More years Of data) | e i umeemints e st s i i s

e Initiating new Studies of traffic and oo o ol g, ot e o o s o s
health o g g i i




The Traffic Impact Area in Delhi:
HEI Analysis: 55% of the Population within 500
meters of a Freeway; 50 meters of a Major Road
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A Key Challenge: Old Diesel

e Primary health concern: effects on the heart from
exposure to Particulate Matter (PM) from older diesel

e Significant effects on mortality, life expectancy

e Strong evidence of respiratory effects: reduced
lung function, respiratory irritation, asthma
exacerbation

e IARC (WHO) Review of diesel carcinogenicity (2012)
e Diesel a “Known Human Carcinogen”

e Based on Two Major Occupational Studies
(reviewed in HEI 2015 Special Report): e

0 Exre to older diesel pervasive in much of the world




The Policy Response: New Technology Diesel
US 2007/2010 Rules; EURO 6/VI (2015); China 6/VI (2017); B.S. 6/VI (2020)

EPA Heavy-Duty Engine Emission Standards
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And Now:

Evidence that Traffic Actions Can Improve Health!
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The NEW ENGLAND

JOURNAL of MEDICINE

MARCH 5, 2015 VoL, 372 WO, 10

Association of Improved Air Quality with Lung Development

in Children

A New HEI
“Accountability’” Study:
AQ and Health in LA
Gauderman et al
March 5, 2015

i, Ph.D., Robert Urman, M.5., Edward Aval, M
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Figure 1. Levels of Four Air Pollutants from 1994 to 2011 in Five Southern California Communities.
Caolored bands represent the relevant 4-year averaging period for the analysis of lung-function growth in each of the

three cohorts, C, D, and E. PM; ; denotes particulate matter with an aerodynamic diameter of less than 2.5 ym, and
3 5 PM,, particulate matter with an aerodynamic diameter of less than 10 pm.




254 B Cohort C (1994-1993)
B Cohort D (1997-2001)
W Cohort E (2007-2011)

Cleaner Air and
Improved Lung Health

20
154

10+

e Tracked growth in Lung
Function in 3 “cohorts”
(2,100 children total) in .

Proportion of Children with Low FEV, (%)

<90% Predicted <85% Predicted <B0% Predicted

Southern California1994 - 5
2011

259 B Cohort C {1994-1998)
B Cchort D [1997-2001)
W Cohort E (2007-2011)
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e Saw notable improvement
in lung function in the most
recent cohort (who grew up
2007 — 2011 in cleaner air)

154
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Proportion of Children with Low FVC (%)

<90% Predicted <85% Predicted <B0% Predicted

Figure 3. Proportions of Children with Low Lung Function in Each Cohort.

The proportions of children with lung function below 90%:, 85%, or 80% of
the predicted value at 15 years of age in cohorts C, D, and E are shown for
FEV, (Panel A} and FVC (Panel B).




Concluding Thoughts

We know much more today about the Health Effects of Air
Pollution in Asia

o Growing science base
e New Short and Long Term Studies

GBD is increasing understanding of the population health
burdens

e GBD 2015 includes new approaches to exposure and exposure-
response

Actions beginning in India:
e AQI, BS VI Leapfrog, thermal power plants standards

Source-specific impacts are likely to best inform and drive
future control measures
e GBD MAPS Report for India in Spring 2017
e New Traffic Review and Studies

Trusted Science e Cleaner Air e Better Health



Thank You!

Dan Greenbaum
dgreenbaum@healtheffects.org




